The milk protein casein (Cas) has been employed as carbon resource material to synthesize nitrogen-doped carbon dots (N-CDs) via microwave exposure. The dots, when exposed to UV light, produced blue fluorescence. The N-CDs were characterized by ultra violet (UV) spectroscopy, Fourier transformation infrared spectroscopy, X-ray diffraction (XRD), dynamic light scattering analysis, fluorescent microscopy (FM), and transmission electron microscopy (TEM). The XRD analysis revealed a broad peak at 2θ = 20°, thus indicating the turbostratic carbon phase. TEM analysis and particle size distribution curve revealed that nearly, 85% of the particles had diameter below 10 nm and the particles had spherical geometry. The HRTEM analysis revealed that carbon dots exhibited lattice fringes with a d-spacing of 0.21 nm, corresponding to the (100) plane lattice of graphite. The fluorescence spectral studies indicated a red shift in the emission peak from 420 to 450 nm as the excitation wavelength increased from 300 to 340 nm. The zeta potential of particles was found to be -11.3 mV. Finally, impregnation of N-CDs was studied in Spinacia oleracea leaf. It was observed that as the concentration of N-CDs' solution increased, percent insertion (PI) also increased, but the time required for maximal insertion decreased with increasing concentrations of N-CDs in the feed solutions. In the carbon dots' solution with a concentration of 200 ppm, maximum percent insertion (MPI) was obtained after 80 min. However, with the increasing concentration of N-CDs in the feed solutions, time of getting MPI reduced, i.e., in 600 ppm, it was 30 min, and in 800 ppm, it was 10 min.
Introduction
Since their invention in the year 2004, carbon dots have emerged out as a new class of nanomaterial that possess remarkable properties such as fair hydrophilic nature, excellent biocompatibility [1] , cell permeability, photo stability, etc. [2, 3] . Owing to these properties, carbon dots (CDs) have tremendous potential to be used in a number of applications such as cell imaging and sensing [4] [5] [6] . Fluorescence carbon nanoparticle (CNP) shows high potential in biological labeling, bio-imaging and other different optoelectronic device application [7, 8] , targeted drug delivery [9, 10] in cancer theranostics [11, 12] , and drug delivery [13] . In addition to this, they find multiple applications in analytical chemistry [14] . Carbon dots (CDs), generally known to be discrete, quasi-spherical particles with sizes below 10 nm, possess a sp 2 conjugated core superimposed by functionalities such as carboxyl, aldehyde, ketone, etc. which depend upon the nature of carbon resource material used to prepare carbon dots. In recent years, there have been sincere attempts to tune the fluorescence efficiency of carbon dots by doping of elements such as sulfur and/or nitrogen [15] . It has been reported that carbon dots, when doped with nitrogen, show excellent optical properties and demonstrate blue shift in fluorescence [16] . Amino acids, due to their low cost and abundance, are frequently used as carbon and nitrogen sources. In addition, primary amines not only provide nitrogen, but they also passivate the carbon dots surface [17] . Indeed, there are several reports in recent past about the synthesis of N-doped carbon dots. For example, Tan et al. have prepared N-doped CDs pyrolytically from graphene quantum dots using polysaccharide chitosan as a precursor [18] . Similarly, in a most recent work [19] , N-doped carbon dots were prepared by an economical and straight forward approach which consists of hydrothermal treatment of poly(acrylamide) as both carbon and nitrogen sources. Likewise, Li et al. have reported synthesis of N-doped carbon dots using 1,2-diaminobenzene as the carbon source and dicyandiamide as the dopant [20] . The nitrogen-doped CDs resulted in improvement in the electronic characteristics and surface chemical activities. In an interesting work by Liao et al., N-and S-doped carbon dots have been prepared directly from citric acid and thiamine hydrochloride via a one-step hydrothermal protocol in 63.8% quantum yield [21] .
Beta casein, obtained from cow milk, is a major protein constituent of milk and it contains 209 amino acids [22] . It is a natural resource of carbon and nitrogen and has been employed in the current work to prepare carbon dots via microwave-assisted approach. The rationale for the selection of beta casein as starting material was the fact that it could provide carbon dots doped with nitrogen, and therefore, no other doping agent was required. In addition, a survey of the literature reveals that casein-derived N-CDs have not been reported for plant cell interaction investigations. It is also worth mentioning here that Casein contains a number of functional groups, and therefore, N-CDs prepared must have varying sizes and they should exhibit broad-band emission at several excitation wavelengths. However, we focused only on blue light emissions just with an idea in mind that these N-CDs in solution form could be used as invisible ink for loading important information and advanced anti-counterfeiting.
Experimental

Materials
Beta casein was purchased from Hi Media Chemicals, Mumbai, India and was analytical grade. The de-ionized water was used throughout the investigations. The reference material quinine sulphate was purchased from obtained from D.D. Fine Chemicals, Mumbai, India and was used as received.
Methods
Preparation of nitrogen-doped carbon dots (N-CDs)
In a typical protocol, pre-determined quantity of casein was dispersed in distilled water under vigorous stirring to obtain uniform dispersion. Now, the dispersion was allowed to be exposed to microwaves, using a microwave oven (LG, model No. CE1041DFB, USA) for a total duration of 30 min, allowing a 15 s exposure after every 2 min interval so as to avoid excessive heating. After the semi-solid residue was obtained, it was further diluted with distilled water to make a total volume of 50 ml. The above solution was centrifuged at a rate of 5000 rpm (Remi, India) for a period of 15 min. The supernatant was collected and used for further studies.
Characterization
The carbon dots were characterized by various analytical techniques such as Fourier Transform Infrared Spectroscopy (FTIR) using spectrophotometer (Shimadzu8400, Japan), UV-Vis spectroscopy with Elico (India), and zeta-potential measurement (Beckman Coulter Delso Nano C). The X-ray diffraction (XRD) analysis was carried out on a Rikagu diffractometer (Cu radiation = 0.1546 nm) running at 40 kV and 40 mA. The diffractogram was recorded in the range of 2θ from 10 to 500 at the speed rate of 2 °/min. The Transmission Electron Microscopy (TEM) analysis was carried out in Indian Institute of Technology (IIT, Mumbai, India).
Determination of quantum yield (QY)
To determine the quantum yield (QY) of the carbon dots, quinine sulphate (QS) was prepared in 0.1 M H 2 SO 4 and employed as standard at the wavelength of 340 nm [23] . In a typical method, solutions of QS and N-CDs (prepared in distilled water) of varying concentrations were prepared and their absorbance was recorded. Due care was taken that their absorbance was always less than 0.1. Now, the integrated photoluminescence intensities were plotted against corresponding absorbance. The slopes of the linear plots were used to calculate QY using the following expression:
where (m) sample and m std are the slopes obtained from linear plots, η sample is the refractive index of solvent used for carbon dots (i.e., water), and η std is the refractive index of the solvent used for dissolving QS. Moreover, the quantum yield (QY std ) of standard quinine sulphate was taken as 0.54 and the refractive index (η std ) of QS solution, prepared in 0.1 M H 2 SO 4 was taken as 1.33.
Fluorescent microscopy
To image the carbon dots in fluorescent microscope (Florescent Microscope, Thermo Fisher Scientific Model No. EVOS FLoid Cell Imaging Station), a drop of mounting medium was mounted on the microscope slide and coverslip
was laid with the cells upside down on this drop. The specimen was pressed with the tweezers slightly, so that the mounting medium was well distributed, without squeezing the sample. The volumes were chosen in a way that the coverslips were completely moistened. After focusing, viewing and zooming, the (sample) slide in fluorescent microscopic, the images were captured.
Insertion of carbon dots in plant tissue
The leaves of spinach were collected, sterilized, washed with distilled water, and finally air dried. The leaves were then chopped into 5 mm pieces and suspended into solutions of N-CDs with different concentrations. The samples were removed at definite time intervals and washed with distilled water; slides were then prepared for imaging. The leaves, immersed in different solutions, were imaged at different time intervals.
Results and discussion
Preparation of N-CDs
Microwave-assisted synthesis is reported to be a versatile technique and provides a convenient synthetic route with additional advantage like uniform heating and keeping full control over the synthesis process. The overall scheme of formation of N-CDs is shown in Fig. 1 . The microwaves provide uniform heating and the particles obtained are expected to have a narrow size distribution. Recently, a number of reports have appeared that describe CDs' synthesis via microwave exposure. For example, Li et al. prepared nitrogen and phosphorus co-doped carbon dots (N,P-C dots) using microwave-supported thermolysis of N-phosphonomethylaminodiacetic acid and ethylenediamine. N,P-C dots exhibited bright blue fluorescence with an emission maximum at 418 nm [24] . Similarly, in an interesting work by He et al, nitrogen-doped CDs (N-doped CDs) were synthesized by microwaves exposure of l-glutamic acid as the sole reaction precursor in the solid-phase condition. The N-doped CDs, prepared within 8 min, had an average size of 1.64 nm [25] .
It is worth mentioning here that a proper selection of microwave power and exposure time plays a significant role in inducing photoluminescence in carbon dots and in controlling their size as well. In preliminary investigations, we used 300 W microwaves, keeping the temperature range of 110-130 °C. However, we did not get any emission of fluorescence. Therefore, we increased the power of microwaves to 450 W and the temperature was kept in the range of 140-180 °C. This resulted in carbon dots with fair luminescence. It appears that a low temperature of reaction mixture may not be sufficient to cause appreciable carbonization of material to produce luminescent carbon nanoparticles.
Quantum yield
The QY was determined from the slope of the linear plot obtained between integrated photoluminescence intensities and corresponding absorbance, as shown in Fig. 2 . The value of QY std for the standard sample of quinine sulphate was 0.54. The QY of carbon dots was found to be around 18.7%. The value obtained was quite similar to that reported by Tabaraki and Sadeghinejad who synthesized carbon dots from citric acid, urea, and thiourea by microwave-assisted method and reported QY of 19.2% [26] . Similarly, Wang et al. obtained dual functional carbon dots, designated as N/ Cl-CDs, with the assistance of a choline chloride-glycerine deep eutectic solvent (DES) and reported a QY of 16.15 [27] . 
Characterization of N-CDs
The FTIR spectrum of N-CDs is shown in Fig. 3 . It may be noticed that a broadband appears in the range of 3000-3450 cm −1 , thus indicating the presence of H-bonded surface hydroxyls. In addition, characteristic peaks of casein appear at 2920 and 2850 cm −1 due to symmetric and antisymmetric stretching of CH 2 . They indicate the presence of amino acids such as lysine [28] . The C=O stretching also appears at 1728 cm −1 . Finally, C-H deformation is also indicated at 1427 cm −1 . The electronic spectroscopy offers a simple way to characterize carbon dots. The UV spectrum of carbon dots is shown in Fig. 4a . It can be seen that there is sharp peak observed around 220 nm along with a shoulder at 260 nm, thus corresponding to π-π* and n-π* transitions, respectively [29] . Gowthaman et al. also observed similar transitions in electronic spectra of N-doped carbon dots obtained from pyrolysis of l-asparagine [30] . However, the peak and the shoulder was observed at 207 and 307 nm, respectively. Similar results are also reported elsewhere [31, 32] . The quartz cell, containing CDs' solution fluorescence, did not show any fluorescence in the presence of sun light, while a blue florescence was observed in the presence of ultra violet radiations, as shown in Fig. 4b, c, respectively .
The XRD pattern of the as-prepared casein N-CDs, as shown in Fig. 5 , exhibits a broad diffraction peak centered at 2θ = 20°, which is attributed to the turbostratic carbon phase. These results are in fair agreement with the one obtained by Lu et al. who prepared N-doped carbon dots from hydrothermal treatment of citric acid in the presence of poly ethylenimine and reported a 2θ value of 20° for CDs [33] . In an almost similar report, [34] , XRD analysis of CDs obtained from hydrothermal treatment of sodium citrate and poly(acrylamide) exhibited a broad low intensity diffraction peak at 20.66°, indicating existence of amorphous carbon. Similarly, He et al. prepared carbon dots from sodium salt of EDTA and reported a broad peak around 24.4°, corresponding to 0.363 nm interlayer spacing of CDs. No sharp peaks were observed in the XRD patterns, confirming the amorphous character [35] .
TEM analysis was carried out to determine the size of the N-CDs. The results, as shown in Fig. 6a , suggest that maximum number of particles had diameter below 10 nm and most of the particles had almost spherical geometry (see Fig. 6a . The HRTEM image, shown in Fig. 6b , indicated that carbon dots exhibited lattice fringes with a d-spacing of 0.21 nm, corresponding to the (100) plane lattice of graphite. [36] . Contrary to this, Ding et al. have reported a spacing of 0.32 nm for the carbon dots obtained from single-walled carbon nano tubes [37] .
We also determined particle size distribution of N-CDs, using various TEM images (some images not shown in data) and selecting a number of particles randomly. The distribution curve, as shown in Fig. 6c , reveals that nearly, 42% particles had diameter in the range of 5-7 nm, while 26% of the carbon dots had diameter in the range of 3-5 nm. In this way, nearly, 85% of the carbon dots had their diameter below 7 nm. The small size of carbon dots had a better chance to enter into plant cells. Finally, the zeta potential of carbon dots was observed to be − 11.3 mV. The observed negative potential may be attributed to the presence of negatively charged carboxylate groups [38] . 
Emission spectra of N-CDs
The photoluminescent emission spectra of N-carbon dots, at the excitation wavelengths of 260-340 nm, are shown in Fig. 7 . It can be observed that for the excitation wavelengths of 260-290 nm, no prominent peak is observed. However, as the excitation wavelength is further increased, relatively broader peak appears in the spectra and the strongest emission spectrum is observed for the excitation wavelength of 340 nm. It is also noteworthy that a red shift in the emission peak from 420 to 450 nm is observed as the excitation wavelength increases from 300 to 340 nm. This may be attributed to different sizes of N-carbon dots and a distribution of different surface states due to the presence of different organic groups on the surface of carbon dots [39] . Similar results have also been reported by others. For example, Yang et al. prepared carbon dots from mangos teen and reported a red shift in the photoemission spectra with the increase of excitation wavelength from 290 to 470 nm [40] . In another work by Wu et al. tunable fluorescence emission, CQDs from chlorophyll were synthesized and their fluorescence emission spectroscopy was found to undergo red shift from 450 to 520 nm, as the excitation wavelengths increased from 360 to 460 nm [41] . However, there are several reports in which emission spectra do not show any shift with the change in the excitation wavelengths. For example, Fu et al. prepared arginine-modified carbon dots and reported luminescence peak around 470 nm at the excitation wavelength range of 320-560 nm [42] . In another report, graphene QDs were prepared by acidic oxidation and exfoliation of multi-walled carbon nanotubes (MWCNT), and their photoluminescent emission spectra were observed at the excitation wavelength range of 310-370 nm, with strong peak at 560 nm at every excitation wavelength [43] . It was suggested that this could be attributed to the uniform particle size distribution of GQDs, having almost uniform size of 10 nm.
Fluorescence microscopic studies
The particles were seen with blue emission under UV filter, red emission under green filter and green emission under the red filter, as shown in Fig. 8a-c . A wide range of fluorescence emission is highly advantageous and efficient compared to CQDs with single green fluorescence [44] .The results suggests that the present CQDs could be a good alternative to tradition dyes for fluorescent labeling, bio-imaging, and bio-sensor applications.
N-CDs' insertion into leaf cells
To investigate the uptake, transport, and distribution of nanoparticles in plants, and the impact of nanomaterials on plant function, the first key step is to deliver the nanoparticles into plants in vivo [45] . Uptake and accumulation of carbon nanotubes along with fullerenes and fullerol in edible and crop plants were previously reported [46] . The penetration of CNTs into the plant system is inversely proportional to its size. Perhaps, the large size of activated carbon particles is forbidden to enter the plant cell and, therefore, get adsorbed on the surface. The absorption of carbon nanomaterial depends mainly on its interaction with suspended organic materials, its colloidal nature and the homo-heterogenous media which permit its smooth flow into the plant system.
Observations, based on confocal microscopy, Eichert et al. reported that nanoparticles, having diameter of 43 nm, could penetrate the stomata leaf pores [47] . Similarly, Birbaum et al. used electronic and confocal microscopy to reveal that leaves of Zea mays, when subjected to an aqueous solution of CeO 2 nanoparticles (10 ppm concentration) with an average diameter of 37 nm, retained them appreciably with no sign of translocation to the stem [48] .
In a study, Verma et al. revealed the connection between cell internalization and surface geometry of the NPs [49] . They found that CDs with homogeneous and unstructured surface were internalized primarily through energy-dependent endocytosis. As leaf cells remains in higher concentrations of CDs, even for short-time duration, they may cause alterations of membranes and other cell structures and molecules [50] . At low concentration, the number of N-CDs insertion increases with time; however, as the concentration increases, the insertion first increases then decreases, the reason for the same may be due to the change in the cytoplasmic condition at low concentration the number of N-CDs in the cytoplasm is less, and hence, with increase in time, it increases, but as the concentration increases, the number of N-CDs in cytoplasm increases, thereby changing the cytoplasmic environment, i.e., the concentration of cytoplasmic fluid changes, which prevents the further insertion of N-CDs after a definite interval of time (Turgor Pressure). Since carbon nanotubes can stimulate growth, gene, and protein expression of aquaporin in tobacco cells [51] .
It may also trigger the reproductive genes in similar other plants. The penetration of CNTs into the plant system is inversely proportional to its size, and it is the key factor to increase the plant growth and fruits. Perhaps, the large size of activated carbon particles is forbidden to enter the plant cell and, therefore, get adsorbed on the surface.
Structure of stomata, surrounding guard cells, and epidermal cells are visible in Fig. 9a . Insertion of N-CDs was clearly visible in guard cells. At minimum concentration (200 ppm), the penetration of N-CDs increased with time. In 200 ppm concentration, maximum percent insertion (MPI) was obtained after 80 min (Fig. 9b) . With increasing concentration of N-CDs, time of getting MPI reduced, in 600 ppm, it was 30 min (Fig. 9c) , and in 800 ppm, it was 10 min. Here, it is worth mentioning that as nearly 82% of the carbon nanoparticles possessed diameter below 10 nm (please see the particle size distribution curve shown previously), they could penetrate the cells easily.
CDs' solutions used for immersion of leaves
We also investigated the dynamic uptake of N-CDs by plant Guard cells of plant leaves when immersed in solutions of different concentrations of carbon dots. The results of kinetic insertion of carbon dots in guard cells are shown in Fig. 10a . It may be noticed that the percent insertion of N-CDs into guard cells increases with time, attains a maximum value and then begins to decrease. It is also noteworthy that as the concentration of N-CDs solution increases, the time required for attainment of maximum insertion decreases. 
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The observed decrease in the number of carbon dots after the attainment of MPI is attributable to the translocation of nanoparticles. The MPI for different CDs solutions, having concentration range of 200-800 ppm, is shown in Fig. 10b . It may be noticed that as the concentration of CDs' solution increases, the time required for maximum percent insertion decreases.
Finally, the optical image of a plain and a CNP-loaded leaf is shown in Fig. 11a, b , respectively. It can be observed that carbon nanoparticles are accumulated to a greater extent around the Midrib as well as veins. It is attributable to the fact that CNPs are transported into the leaf system through Midrib and veins network, rather than absorption through lamina.
Conclusion
The above study concludes that casein, a milk protein, can conveniently be converted into N-carbon dots via microwave-assisted approach without using any capping and/ or passivating agent. The CDs are synthesized under mild conditions, without using any toxic chemicals. These particles show blue fluorescence under ultraviolet light. TEM analysis and particle size distribution curve revealed that nearly, 85% of the particles had diameter below 10 nm and the particles had spherical geometry. The HRTEM analysis revealed that carbon dots exhibited lattice fringes with a d-spacing of 0.21 nm, corresponding to the (100) plane lattice of graphite. The N-CDs show strong fluorescence when viewed through different filters. The fluorescence spectral studies indicated a red shift in the emission peak from 420 to 450 nm, as the excitation wavelength increased from 300 to 340 nm. Finally, impregnation of C-Dots was studied in Spinacia oleracea leaf. It was observed that as the concentration of CDs solution increased, percent insertion (PI) also increased, but the time required for maximal insertion decreased with increasing concentrations of CDs in the feed solutions. The absorption of N-CDs by plant cells may be used as a tool for cell imaging in plant-related diseases.
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